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THE MEASUREMENT OF DIELECTRIC PROPERTIES 

IN THE 200-5000 MC RANGE 


A simplified method and a new slotted 
line have been developed for the meas¬ 
urement of the didwtric constant and 
loss of low-loss solid insulating materials 
in the 200-5000 Me frequency range. The 
basic method is a modification of one 
l)reviously de.scribed by Robertson and 
von Hippel,' and Dakin and Works.* * 
Method 

If a section of open-circuited trans¬ 
mission line is filled with dielectric as 
shown in Figure I, the dielectric coiustant 
and dissipation factor can be determined 
from measurements of the input impe^l- 
ance to the section of line filled with the 
dielectric and from a knowknlge of the 
frequency and the sample length. The 
input im[)€*tlance. Z,, can be calculated 
from meiusurements of the standing- 
wave patt(‘rn present on the air-fillcHl 
section of line shown in the figure. The 
actual calculations are complicated by 
the fact that the equation which has to 
be solved is (‘omple.x and transcendental, 
and they become particularly inv'olved 
when a low-loss dielectric is being meas¬ 
ured, in which case tin* resistive losses in 
the line are usually large cfimparcnl with 
the dielectric losses in the sample. The 
whole proce^lure can be greatly simpli¬ 
fied if either the sample length or the 
frequency is adjusted to make tlie elec¬ 

*.S. aoburL<<on. A. von Hippel. Journtil of .Applied Physic*, 
17. 010 • nM«>. 

*A. W. Dakin. C. N. Works, .lourmil of Applied Physics, 
18 78'.» (lO-m. 

(For an ejccellfinl trentnicni of dielectric tneasiirentcnlf*. 
sec also A. von llippcl /)iWrr(rir .\fatfrinh nnd Appli^ 
ea/tons, John Wiley nnd Sons New Vurk. lO-W.) 


trical length of the sample an odd mul¬ 
tiple of a quarter-wavelength, so that 
the voltage minimum on the air-fillcd 
section of the line will appear at the 
front face of the* sample, ruder th(\se 
conditions the efpiatiiuis for tlu^ dii‘le(!- 
tric constant and dissipation factor are 
the following: 

whom 

K is the diolo»*tric constant 
D is the dissipation fa^dor 
X i.s th(' wavelon^h in free space 
I is the physicid length of the .samiile 
N Is an odd integer which is (Kiunl to the 
number of qiiarter-wavelength.s in the samph; 

A is a eonstant wliich corrects for the resis¬ 
tive losses* in the line conductors and 
P is the VSWR on the jiir dielectric line. 

Since a voltage minimum will appear 
at the dielectric face at frequencie.s at 
which the electrical length of the sample 
I 

(equals ? wave¬ 

lengths. one nudisuremcnt is not sufh- 
cienl to give a unique value of th(* con¬ 
stant. Measurfdnents at two frefpiencies 
Ijroperly clio.sen will giv'e a luiique solu¬ 
tion. In many instances th<‘ dielectric 
constant is approximately known, and, 
therefore, the proper integer for N can 
he (!h<)seii by inspection. 

In practice, however, it is not possible 
to locate the voltage minimum accu¬ 
rately and to measun* the standing- 
wave ratio when the minimum is directly 
at the front face of the sample. It has 


Figure 1. 


Figure 2. 
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boon <lctorininr<l, howovor, tliat, witli 
small nKxiirw’atioii.s of the* simple cxprc's- 
sioiJH previously one can 

m(‘asiire the dioleetric proi>ortics with 
the volliiKt* miniimmi in the vieinity of 
the samph‘ and yet far onouKh away to 
make the selection of the frequency non- 
critical and to permit the measurement of 
VSWH hy a width-of-minimum method. 

I^*t us assume that the dieltH tric is 
e.xacfly an o<ld multiple of a (piarter- 
waveleuKlh long and that the v'oltage 
minimum is dircrtly at the fnmt face of 
the siirnple as shown in Figure 2. Fnder 
tla*se conditions, K ami f) can Ik* cal¬ 
culated from liquations (1) and (2). 
Now suppose that a small amount of the 
dielectric near the voltage minimum is 
remov(*d as indicat(*d by the cross- 
hatche<l sta tion in the figure, where the 
length of siimple removed is indicatiHl by 
X. If the sample has low loss, the voltage 
appt'aring at the voltage minimum rela¬ 
tive to the volt:ige at other |M)ints along 
the line is very small and, therefore, the 
etTect c»f dielectric near this point in the 
line is small com|)ared to the elTect at 
other points along the line. Ckmse- 
quently, the removal of the diehn^tric in 
the area near the voltage minimum has 
very little elTect on the position t>f the 
minimum on the line. The dielectric con¬ 



stant can, therefore, be measured with 
the voltage minimum slightly ahead ^ 
of the <Iiele<*tric face with a m'gligibly 
small error. The nuNlified e(juation for 
dielectric constant is: 



The above e<|uati<»n is based on the fol¬ 
lowing approximation: 

I 

—tan K &x) = tan /3x (4) 

^ K 


where d is the propagation constant in 
free space. 'Fhe error in the determina¬ 
tion of K resulting from the use of this 
approximation is: 



The value of x which ri*sults in a 1% 
error is plottetl in Figure IF As indicated 
in F(|uation (5), the error varif‘s as the 
cube of X. 

The same condition holds for measure¬ 
ments of the dissipation factur. Near 
voltage minimum the dielectric loss is 
low. because of tin? relativ(‘ly low volt¬ 
age and, therefore, the dielectric can be 
removinl near the minimum without a 
significant change in the over-all dielec¬ 
tric loss. The n*sistive loss in the con¬ 
ductors in the an*a where the* dieU*ctric 
is removenl is practically uiuiITwUhI since 
the current distribution remains practi¬ 
cally the same. The <‘(|uation for dis¬ 
sipation factor becomes: 


D 


3(/ + X) 


-/I 


( 0 ) 


where Aio is the width of the voltage 
minimum measuriHl at |K»ints where the 
voltage is 10 db greater than the voltage 
at the voltage* minimum. The value of .4, 
which re'pri*st‘nts the lo8Si»s in the air- 


Figur* 3. Ditlonc* k, from voltogo minimum to 
dioloctric foco, to product 1% orror for various voluos 
of dioloctric constant. 
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filled line, can be obtained from a meas- 
^ uroment of the \'SWR on Ihe line with 
the sample remov(*d. The ecpiation for 
A is : 


where the width of the voltage minimum 


between 10-<lb points, is measured 
with the sample removed, and where /' is 
the distanc‘e in centimeters between the 
voltage minimum at which the V'SWR is 
measuretl and tlie open end of the line. 
For maximum accuracy, the length of 
line measured should be as long as pos¬ 
sible. 


THE TYPE 874.LM DIELECTRIC MEASURING LINE 


As is obvious from the prectniing de¬ 
scription, in the proposcxl measurement 
method the slotted line and the sample 
holder must be one integral unit. The 
instrument <k‘signed for this function 
utilizes a coaxial transmission line which 
<‘onsists of an accurately machined 
bronze outer tube having an inside di¬ 
ameter of 0.5(52" (7 U>) with a 0.002" 
overlay of silver on its inner surface and 
an inner conductor 0.250" in diameter 
als<3 with a similar overlay. The line is 
^ sufficiently long accommodate samples 
up to 45 centimeters in length. The 
minimum frequency at which measure¬ 
ments can be made by the simplified 
metliod previously dc*scrihe<l tlepcaids 
upon the dielectric constant of the ma¬ 
terial being measunxl and is approxi- 
200 

matelv = v— course, meas- 

VK 

urements can be made at lower fre(|uen- 
cies bv' the mf)re comiilica-ted method 
l)rcviouslv referred to. The actual low- 
frequency limitation is primarily de¬ 
termined l)y the sensitivity of the de¬ 
tector. 

A movable carriage containing the 
probe rides on the accurately ground 
and lapped outer surface of the bronze 
lube. The po.sition of the probe, and 
lienee of the voltage minimum on the 
line, can be determined by means of an 
^ indicator on the centimeter scale to 


Figur* 4. Lots«s in fhe slotted lino Itsolf, as moasured, 
and as calculated far smooth silver surfaces. 


within dr 0.01 centimeter. A microm¬ 
eter vernier ilrive on the carriage is pro- 
vidcMl for width-of-minirnum nieasure- 
miMiis. The micrometer is ca[>able of 
measuring tlie width of a minimum to 
within 0.0002 centimeter. 

SOURCES OF ERROR 
Line Losses 

As tireviously mentioned, in mea.sure- 
ments on very low-loss materials the 
line loss can be large compartnl to the 
dielectric, loss. The effective dissipation 
of the line itself, .1, caiis(*<l by rfvsistivx* 
los.si\s is plotttxl in Figure 4 as a function 
of frequency. For purely resistive lo.s.ses, 
the effex-tive rt^sistance per unh length 
increases as the square root of frcxiiiency 
as a n'sult of skin etTect and, lienee, the 
effective <lissipatioii factor per unit 
length decreases as the square root of 
friHiueney. .\lso plott^xl on Figure* 4 is 
the calculated dissipation factor assum- 
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iiij? smooth, purc^silv'or, inncM* aiul outer 
conductor sui*l’:i<*<*s. Xoto that the a^ret*- 
menl is (luiti' good. 

Tlie ratio ol‘ th(‘ dieU'clrie loss to the 
resistive loss on the line varices witli 
both the dissipation factor of the sfiniple 
under test and the fiiMjuency. It is in¬ 
dependent (jf the IcMiRth of the sample 
when the \'S\VH nK^asurement is made 
close to th(* dieh'ctric face. Fij^ure o is 
a plot of this ratio for a normaliz(Hl dis¬ 
sipation factor 0.()(M)l. In other words, 
at a frequency of oOO Me, the ratio for 
a dielectric mat (‘rial having a dissipation 
factor of 0.001 would be 1.4. It is obvi¬ 
ous that at lower frecpiencies the ratio 
be(;omi\s smaller, and, hcaice, an accurate 
measurement of line losses is v(‘ry im¬ 
portant. Small errors in this measure¬ 
ment can have a lar)?(* eITt'ct on the 
measuivd di.ssipation factor of low-loss 
materials at low fre(|uencies. 

Fringing 

In an open-ended transmission line, 
frinj^inp; capacitance e.xists at the end of 
the conductors. This capacitance makes 
the transmission line appear lonp(*r elec¬ 
trically than it is jihysically. Figure (i 
shows the results of m(»asurements made 
on the frinjjinj; capacitance in the eo- 



Figure 5. Ratio of loss in sample to loss in line 
normalized for o D of 0.0001. 


axial dielectric-measuring line with the 
dielectric removfxl. The addwJ electrical 
length, resulting from the fringing ca¬ 
pacitance of 0.1.is approximately 
0.23 centimeter. When di(‘lectric .samples 
arepr(\s<ait, the (dTectiveadded kaigth de- 
creruses approximat(*ly proportionally to 
the dielectric constant of the insulating 
mat<‘rial. The cornnUion for fringing 
caiiacitaiua* can be included in the di- 
elec'tric-constant equation as indicated 
below or, if a sulficiently long dielectric ^ 
sample is used, the error is lu'gligible. 



Air Gaps 

.\ir gaps between the sample and the 
diekK'tric conductors of the transmission 
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INNER AND OUTER AlR GAP.- INCHES 

Figure 7. Error in K caused by air gaps between di> 
electric sample and inner and outer conductors. 

line eause errors in the measurements. 
Figure 7 indieates how for a j^iven pap 
those errors vary with the dielectric con- 
^ stant fin the coaxial line described in this 
article. The minimum practical piap is 
one of the fiu^tors which set a limit on 
the maximum dielectric constant which 
can be mei\sure<l to a given accuracy. 

Probe Coupling 

As a probe approaches the diehTtric 
sample, its efT(H*tive coupling to the 
center conductor will increast* as a result 
of the dielwtric effectively increasing 
the capacitance between tlie probe and 
line. The point at which the probe 


Figure 8. Variation in probe coupling os o function of 
distance between probe and dielectric face. 



coupling is significantly atT(^ct(Kl is the 
minimum distance which can be toler¬ 
ated between tlie dielectric face and 
probe. Figure 8 shows the variation in 
probe coupling as a function of dis¬ 
tance measured in the line described 
later in this article. Note that, for rela¬ 
tively low-loss dii^lectric mat(*rials with 
dielectric con.stants even as large as 
9,()(H), the incroa.se in coupling is very 
small at distances greater than a milli¬ 
meter. Therefore, the probe .should not 
be allowed to approach closer than a 
millimi‘ter when either the position of 
the minimum or the width of the mini¬ 
mum is measured. When high-loss ma¬ 
terials are measurc*d, and the minimum 
is very broail, an even larger minimum 
spacing is necessary, because even a 
slight variation in coupling will shift 
the apparent center of the broad mini¬ 
mum. Figure 9 shows the results of 
measurements ma^le on various samples 
in order to determine the effect on the 
position of the minimum as a r(*sult of 
added probe coupling. In this figure 
the position of the voltixge minimum 
with respect to the front face of the di¬ 
electric is plotted as a function of wave¬ 
length for .samples having various dis¬ 
sipation factors. If probe coupling were 
constant, the.se curves would be straight 
lines. Note that, for the two relatively 
low-loss .samples, the variation follows 
the linear law until a spacing of less tlian 


Figure 9. EfTecI of probe coupling of posilion of 
minimum. 
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FACES MUST 
BE X TO AXIS 


FigurA 10. Dimensions of sample. 


one millimeter is reaehwl. The sample 
having; a very hi^h dissifiatiofi factor, 
however, showTi that the position of the 
minimum is alTeeted at spacinpj up to 
0.3 centimeter. 


The Sample 

One limitation of the pro|X)se<l method 
is that, the samples must he at h'ast a 
quarter-wavelenj^th long, and at the 
lower frei|ueneies this length may not be 
easy to obtain in a single sam|)le. How¬ 
ever, the (juarter-wavelongth sei!tion can 
1 k» made up of a number of shorter 
lengths, which can be easily machined. 
Another limitation is that either the 
frtx|uency or the length of th<* sample 
must l)e trimmed to obtain a voltage 
minimum within the limits previously 
(If'scribtHl. If the ineasuremcaita must be 
made e.xactly at a specified frcMpieney, 
some cut-and-try work must be done on 
the siimples themselves. The dimensions 
of the sample are shown in Figure 10. 

The use of an open-eiuleil line greatly 
sim|)lifies the mechanics of the insertion 
of the saraph*s and eliminates the m»ed 


for and the complication of the quarter- 
wavelength section of shorl-circuiteil air ^ 
line ordinarily used to produce open 
circuit at the end of the sample in most 
earlier open-circuil(Hl m<ahod.s, and the 
need for a V'ery low-loss short circuit 
directly at the end of the sample re¬ 
quired on earlier short-circuit methods. 
Als(j the te<*hni(iue of shifting frequency 
until the minimum appears near the 
dielectric face results in a ver>^ great 
simplification in thecalculations required 
to obtain dicle<*tric (ronstant and dissi¬ 
pation factor. The t(»chniqucs of inser¬ 
tion and removal of the sample are sliowu 
in Figures 11 and 12. 

Detector 

The detector which produces the best 
results in this application is hetermlyne 
type in which the signal from the pnibe 
and a signal from a local oscrillaUir are 
applied to a crystal iliode mi.xer and the 
difference fr(H|uency output is amplified ^ 
by means of a lixinl turunJ I-F amplifier. 
The Typk 12H>-.\ rnil 1-F Amplifier, 
Type 871-.MU Mi.xer Rectifier and 
vmrious Unit Oscillators are well suited 
to this application. TTu^se are available 
in complete* combinations as the Type 
DXT Detectoi-s. The r-f mixer is ac¬ 
curately linear over a voltage range from 
about 80 db and, hence, the relative 
level of the signal picket! up by the probe 
can be easily me:Lsure<l by means of a 
calibrate<l step attenuator and calibrate<l 


Figure 11. Sample is easily installed by means of 
tool furnished. 


Figure 12. Tool for removing sample it also furnished. 
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output meter in the Typk TiU^A I-F 
^ Amplifier. With a hetertHiyne detei’tor, 
an iinmo(lulat('(i si^ial can he useil to 
exeite the line, thus eliminating errors re¬ 
sulting from ineidental freqiienev mtHlu- 
lation finMlueiHl when theosi’illator is am¬ 
plitude modulatiMl. 'fhis typp detector 
hashigh s<‘nsitivity,go<Kl linearity, and e.\- 
cellent discrimination against harmonics. 

Oscillator 

The nHiuirements for the oscillator 
used to excite the line are not exacting. 
Simple, low-powiT, tunahle, c-w oscil- 
lator.s having good stability, .such as the 
( JR line of I’nit Oscillators, are rtH <»m- 
rntaided. Signal generators are also sat¬ 
isfactory sources. Since a high-.sensitiv"- 
ity detector is usinl, the oscillator can 
be ilirectly couphsl to the sIoIKhI line, 
preferably through a re.si.stive pad with¬ 
out the use of tuning elements. 

The complete setup, including gen- 
^ <*rator and detector, is shown in the 
block schematic of I'igiire 13. 

Frequency Limitations 

The maximum fr(H|uency at which re¬ 
liable m<*asurements can be made is 
that at which the first higher-order 
iiHsie can be propagati**! in the dielectric 
under test. In the air-lill(Ml line, the first 
higher-order mo<h*. which is a circum¬ 
ferential mode, has a cutoff frecpiency of 
about !M)(M) Me. This cutoff fre(juency 
de(!rea.s<‘s as the .square root of the di- 


LP FILTER 


CALIBRATED 
^ ATTENUATOR 



Figuro 13. Block diagrom of complete dielectric 
measuring system. 


el(H*tric constluit and hence the up|Xir 
frfsjueiicy limit is 1)(K)0 \^K. 

Accuracy 

With this instrument, accurate 
straightforwanl raeiisurements on ma¬ 
terials having <liel<»ctric constants be¬ 
tween I and 10 and di.ssipation factors 
b<»tw(*iMi 0.(KK)l and O.Oi) can be matie 
with an accuracy of about db 2% in di- 
elt*ctric constant and =b (5%-f 0.00(11) 
in tiissipation factor over a fre<|uency 
range from about 200 to .j(XX) Me. The 
dieUrtric-coiistant accuracy is .sriti.sfac- 
tory for mo.st applications, and the di.s.si- 
pation-facttir resolving power mak(*s ptLs- 
siblereasonabltMnea.surementsoneventhe 
lowest lo.ss mat(‘rials pre.s(*ntly available. 
Applications 

Figure 14 shows (he results of meas¬ 
urements ma<le on 'reflon over a wide 
range of frequency. — R. A. SoI)KH.m.\n 


Figure 14. Dielectric constant and dissipation factor of TeAon os measured on the 
Type 874-LM Dielectric Meosuring Line. 
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SPECIFICATIONS 


200 

Frequency Range: Minimum, Me; M:LXimum 
001)0 v/v 

5000 Me or , -i Me, whiehevt r is the smaller. 
V A 

Measurement Ranges and Accuracies: Di(‘leetric 
Constant (A’) ± 2% for valuc*a of K between 
1 ami 10; Dissipation Fuet.or, dt (5% -+• 
0.0001) for values of dUsipation nictor between 
0 and 0.05. 

Sample: Cylindrical; O.D., 0.561 inches; I.D., 
0.250 inches; length depends upfm dielectric 
constant and frequency; long samples (uui be 
raad(‘ tip of a numlM*r of .short sectioiw. 

Type 


Micrometer Scale: Can bc rciul to 0.0002 cm. 

Accessories Required: Generator and detector; 
General Radio Unit Oscillators (with Tvpk 
1201-A Unit KegulaU'd Power Supply) and 
Typ<* DNT DeteeUtrs, re.spectivcJy, are re<‘om- 
mended. A comph^te li.sting of the.se will be 
found in the March, 1958, issue of the Experi¬ 
menter. Al.so njqiiired, one Tvi't: 874-G6 6-db 
P:id and one Typk 874-G3 3-db Pad. Appropri¬ 
ate Typk 874-F Filters are also recommended. 

Dimensions: 26 X 4|^ X 3H i»chcs, over-all. 

Net Weight: pounds. 


Code Word 


Price 


Dielectric Measuring Line.| C0.\XPA(;T0R 


$400.00 


OPEN HOUSE AT NEW CONCORD PLANT 


On Friday, June 0, 1958, from 1:00 
p.M. until 4:00 p..m. the General Radio 
Company will hold open house at its 
newly enlargetl plant in West Concord, 
Mass., located between Massachusetts 
highways Routes 2 and 02. We invite 
all of our customers and friends who are 
interested to attend. .Vmple parking fa¬ 
cilities are located immediately adjacent 
to the buildings. 

Open for inspection: 

☆ Many operating displays of the latest 
GR instruments. 

☆ The engineering development labora¬ 
tories. 


☆ The well-cKiuipped model shop, in 
which the first models of new items 
are made. 

☆ Standardizing laboratory, where all 
GR instruments are calibrated, 
checked and certified prior to ship¬ 
ment. 

☆ In.stniment- and component-assem¬ 
bly departments. 

☆ \'ariac® winding, assembly and test¬ 
ing department. 

☆ Supporting departments, such as pro¬ 
duction planning, purchasing and 
shipping. 
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IMPROVEMENTS IN DECADE INDUCTORS 


^ The Type 141X) Decade Inductors and 
the Type 940 Decade Inductance Units 
have n'cently been redesigned to use 
a newer type of switch. As a result, the 
y’s of the low-inductance units have 
been improves! and the resonant fre¬ 
quencies of the high-inductance units 
have been raisf»d. These* two improve¬ 
ments come al)out frt)m the lower and 
more stable contact resistance of the 
new switch and from a change in the 
switching method. 

The new decade switch has high- 
quality, ceramic stator-and-rotor mem¬ 
bers and utilizes a well-defined ball-and- 
socket detent. All contacts are made of 
a solid-silver alloy and have a positive 
wiping action. This switch is inherently 
reliaiile in e.xtensive use and should not 
reiiuire bothersome cleaning or adjust¬ 
ment in service. 

^ The d-c resistance at zero setting of 
a four-decade Type 141M) Decade In¬ 
ductor with the older switch is over 400 
milliohms, while with the new switch it 
is approximately 30 milliohms. The 
former value is a substantial part of the 
total resistance in the lowest-inductance 
deca<ie, where the improvemc*nt ranges 
from t).2:l for the 1-mh step to 1.0:1 for 
the 10-mh step. There is a correspond¬ 
ing improvement in at low frequencies, 
as shown for the 1-mh step in Figure 2. 

A dilTerent method of switching has 
lovvertxJ the stray capacitance across 
the active inductoi's, with a consequent 
increase in their res<^nant frequency. 
This is most important on the high-in¬ 
ductance decades Imt is also significa?it 
for the lower decades of a Type 1490 
As.sembly. Originally, four inductors of 
unit values 1-2-2-") were connected in 

^ series, and those inductors not required 
for any setting were shorteil out by 
switches. This added the resistance of 



Figure 1. View of Ihe Type 1490-C Decade Inductor. 


the closed switches in series with the 
active inductors and plnct^l the ground 
capacitance of the unused iiuluctors 
acro.ss the active inductors below them 
in the .seru*s circuit. 

With the new switching sequence the 
number of switch contact.s in circuit is 
minimized, and unused indiuttors are 

Figure 2. Plot of Q versus frequency for the 1*milli- 
henry step in the old and new decade inductors. 
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completely disconnected. The resultant 
increjise in resonant frequency for the ^ 
low setting in each decade runs between 
1.5 and 1.9, so that the corre<‘tion 
factors for inductance at the high fre¬ 
quencies are rediuMtl by these ratios. 

The new switch re(|uires somewhat 
more space, which increases the length 
of the Typk 940 Decade in a direction 


Figur* 3. Vi»w of tho Typo 940-M Docodo perpendicular to tlic switch shaft and 

inductonco Unit. likewise the panel width of the Type 

1490 Cabinets. New tyj>e letters have 
l)een :i.s.signed as follows: 


SetD Replaces 

Type (fill Intiudance Code Word Price 


940-E 

940-A 

1 millihonry / ttop...... 

I.VDUCTOANT 

$100.00 

100.00 

940-F 

940-B 

10 millihenryt tlep.... 

INUUCTOUOY 

940-G 

940-C 

100 millihanryt itep....................... 

INDUCTOl’AT 

100.00 

940-H 

940-D 

1 henry/ifep....... 

INUUITODOO 

110.00 

149D-C 

1490-A 

1.11 henry max, 1 mh/ttep.... 

f'l.CMP 

330.00 

1490-D 

1490-B 

11.11 henry mox, 1 mh step. 

(HlACa 

440.00 


EQUIPMENT LEASING 

Some users have found it desirable of concerns which make a bu.siness of 
to lease test equipment rather than to lea.sing. We should be glail to suggest to 
purchase it outright. those interested the names of several 

We do rK)t have arrangements for firms whi<*h specialize in the leasing of 
direct leasing, but there are a number electronic equipment. 



General Radio Company 
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